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INTHODUCTICN 
The history of linear graphing dates back to the 
seventeenth century when Descartes taught us how to represent 
linear equations by graphs, and how to use the graphs to 
obtain solutions for some problems . 
In writing this paper it will be necessary to 
assurne that the students have an understanding of functions 
and relations . The vocabulary and notation used to designate 
a function will also be assumed . For the range and domain 
we will use the set of rational numbers . I n fact, all numbers 
used throughout the paper will be members of the set of 
rational numbers . It will also be assumed that the student 
has an understanding of the coordinate axes and ordered pairs 
of rational numbers . 
At this point, it would be wise to emp_~asize that 
when Hf of x" is used, x is the indep.endent variable . The 
graph of a function is a pictorial representation of the 
function . Linear functions are the type of functions that 
will be studied and one of the objectives is to show that 
graphs of functions of the first degree represent straight 
lines . 
It is our aim: "(1) to learn how to graph an 
algebraic function; (2) to learn what is meant by the slope 
of a line; and (3) to learn how to find the equation of a 
2 
line . 0 1 In finding the equation of a line , we will assume 
that the student does not lmow how to solve linear equations 
simultaneously . 
There are exercises in the content of this paper 
for the reader to solve . Thes e exercises are to help 
understand the concepts t hat are being brou ht out by the 
author . If it is necessar; for the reader to need more 
exercise practice , supplementary problems can be found in 
the content of some of the books in the bibliography. 
In a unit on graphing t here seems to be several 
crucial points at which a student could fail t o comprehend . 
A lack of understanding at these points could very easily 
affect the student's success l ater on in the unit because of 
the sequential pattern followed in graphing . In other words , 
a student's grasp of one concept , to a large degree , deter-
mines his grasp on future related concepts . 
I n t h is paper , some of the crucial points will be 
considered . The author does not intend to exhaust the met hods 
and procedures used in graphing , but to merely represent the 
nature of linear functi ons and how they can be used to develop 
meaning and understanding . The material given s n ould be used 
by the teacher when the need arises . 
lnaymond J . Aiken, Kenneth B. Henderson, and Robert 
E. Pingry, Algebra : Its Big Ideas and Basic Skills (New 
York: McGraw- Hill Book Company , InC:-1960) , p . 177. 
3 
The writer has not attempted to give credit throubh 
footnotes for ideas and methods used in t .iis paper . To have 
made such an effort would have resulted in a lon3 listing of 
names and references at the bottom of each ~age . There have 
been many authors stressing the same ideas that the writer 
has expressed for years . Thus the writer's role hBs been to 
combine ideas and information from many sources . It is the 
author's wish that this study will create intere~t in the 
students as well as an understanding of how to graph linear 
functions . At the same time, the writer is hopeful of be-
coming a better teacher as a result of writing t ~~is paper . 
The reader should refer to the Bibliography for 
the list of sources from which the writer has obtained his 
ideas and suggestions . 
SOME BASIC C01,CEPTS IN THE 
GRAPHING or LINEAR FUNCTIONS 
AT '11 HE NINTH GRADE LEVEL 
It was in the seventeenth century while Rene 
Descartes was serving in the army that he had his first 
idea of coordinate geometry . "According to one storJ , he 
dreamt about it . According to another , his first idea came 
from watchint; a fly crawling along the ceiling of --~-s room 
near the corner and his first probl em was that of expressing 
the motion of the fly in terms of its distance from the 
walls . A t ~1ird account states that he developed the subject 
while lazily lying abed on a cold day during the protracted 
siege of a town . 11 2 Nevertheless , Descartes provided us with 
a coordinate system by drawing a second number line at right 
angles to a given number line in such a way that their zero 
points coincided . 
The form y = f (x) is used to indicate that the 
independent variable is x • . When x is replaced by a rational 
number from the domain , only one corresponding value of y 
results . A function is like a machine , sometimes simple and 
sometimes very complex , into which a value of x from the 
domain is fed and from w~J.ich a single corresponding value of 
y corne s out . 
2vera Sanford , A .:hort History of Mathematics , 
(Chicago: Houghton Hiflin C01npany, 1930) -,-p . 43 . 
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For example , consider the function y = 3x and let 
the domain be the set of rational numbers . Th i s function can 
also be written f (x ) = 3x . Su~pose x is replaced by a 
rational number 2 . We would then have f (2) = 3(2) = 6 . 
Therefore y = 6 when x = 2 . The ordered pair (2 , 6 ) satis -
fies the function y = 3x . Many other ordered pairs also 
satisfy the function . 
We are interested in graphing only the most sim~le 
type of polynomial functions , namely first degree functions . 
A polynomial of the form y = ax + b is of first degree 
because the exponent of x is 1 . It can be shown that the 
graph of y = ax + b is a straibht line , and therefore such 
a function or equation is called a linear function or a 
linear equation. 
Let us consider the very simple. linear equation, 
y = x . The first step in graphing this function is to find 
a few of the ordered pairs in the function . This is done by 
setting up a table of the function , substituting in values 
for the independent variable x and solving for y . The table 
of values for the function y = x is shown be l ow . 
Table I 
x 0 1 2 3 - 1 - 2 
i 
y 0 l 2 3 -1 > - 2 
-
6 
Two oints are enough to determine a straie::ht line, 
but it i better to fi d three poi ts . This serves as a 
check in dete~~niig the strai ht line. Therefore we w:ll 
need to find onlv three or ered pairs hereafter i our 
tables . 
The ordere~ pairs in':a'le I, a 0 e 5, ··-BJ be plrttP 
wit reference to the coor i ate axes and tnen joine bv a 
straight line . If the stra:0~t line passes throubh each of 
the ~oints, the the coordi ntes of those ~oints ar said to 
satisf the equation of the line . The student should und r-
stand t~at the ordtre ~airs in T ble I, a 0 e 5, are only a 
sample of the orderec airs that satisfy the eqt..atio • s an 
oral exercise , the stu nts co-.1ld be aske to fi d ome other 
ordered airs that would satisfy the equatioi • 
1 
3 
( '1/-1) 
(3,3) 
(2.. 2-) 
(11 IJ ______ __.,......,,.... _________ x 
-7 -s ... l J_, ~ 5 1 (-1,-1 -t 
(-2.,-ZJ 
-s 
-1· 
oure 1 
Y== x 
7 
Therefore .we conclude that the picture of the graph-
ed line, Fi gure 1, page 6, form a picture of all the ordered 
pairs that satisfy the function y = x. 
Let us consider the function y = Jx + 2. The class 
will follow the procedure used in Table I, page 5. The table 
for the function y = 3x + 2 is as follows: 
Table II 
'I 
Figure 2 
If we examine the preceding graph more closely we 
can see clearly the changes in the value of y. Do you see 
that y increases in any movement upward along the line and 
8 
decreast-S in any movement downward? At the same time we mu~t 
unc arsti:..n that x increases wh n 6 oin0 froin left to rigr t 
alon the line and decreases ..r'1e .11ovi'ib from right to left . 
Su~pose we chose the ordered pairs O, 2) and (1, 5) and 
represent them by A and E, respectively . Note in i 0 ure 3, 
elow, tr at as ~ point on the 6raph moves from to B, x 
increases from 0 to 1, and increases from 2 to 5. In oti-ier 
"rords y has increased J units wbile x has increased 1 unit . 
T' .is mean s that y has increased 3 times as much as x when th 
point moves from A to B. On t e other han observe , in Fi 0 are 
' , b l ow, that as a point on the c;ra h moves from B to A , x 
decreases from 1 to 0 and y decreases fro~ 5 to 2. ~hus, we 
ea sa that y has decreased 3 units while x has decrea~ed 1 
unit . 
y 
7 7 
B(11S) 5 
-+-+-+-+-+--H-+--+--+--+--+--+--+-X 
-s J 5 
-t---t--+--t--+-+-t--t~-+-+--+--t-X 
5 -s 
9 
In indicating the differe ce bet Teen the x values 
an the y values, '·le shall use the ;:;.J1bols .6.. .r.. a d 6., y. These 
"'y l, ols arv read: delta x enr1 delta J. TheJ do not mean I.\ 
ul ti ~lie bJ .x., or .6. 1 ul ti lied CJ :f. The s bol A x is used 
to indicate the chanbe in x, whic ma:1 be ositive , nebative , 
or zero . The symbol .D. y is use to indicate tne chl:!n0 e in s, 
which "na:1 'be t.iositive, nebative, or zero . 
Let us study the rate of change in the f .illction 
y = 2x + 3. In making a table of this f v1.nction we find that 
o, 3) , (1, 5), and (-1, 1) !lro three ordered t:Jairs that satisfy 
the equ tion of the function . In ~lotting these ordered ~airs 
with reference to thA c ~ ordinate axes, we obtain the graph 
shown in riuure 5, below . 
Fie;ure 5 
. I 
10 
Let us note how the graph changes in 6oinb from 
point B to point C. A change from 0 to 1 in x makes A x = 1 . 
The corresponding changes from 3 to 5 in y makes .6. y = 2 . 
That is to say, y increases by 2 when x increases by 1 . The 
rate of change in y wit11. r e st-iec t to x is then 2 to 1 . There-
fore, we can use the s-ymbol b. Y to indicate the rate of change , A x 
and can say that ~ ~ = 2 . Let us next examine the rate of 
chane;e in noving from A to .., in f'igure 5, pa 6 e 9. The value v 
of 
":J cha1 6 es from +l to +5 , so that D Y = +4 ; and the value 
of x changes from -1 to +l, so that .A x = +2 . Thus fil = .!!± b x +2 
+2 
-· +l 
Th e student will note that t e r.han0 e in y with res ect 
to x between points B and C is the same as the change in 
2 
with respect to x between the points A and c, namely i • Next 
the class should discover h ow the gra h changes when goi~ g 
from point B to point c, from point C to point B, and from 
point C to point A. An iI .... t-iortant property of a straight line 
is thqt the rate of chanse in y with respect to x is a con-
stant for the given line . 
Before proceedinb any f'urther , let us gra h the 
function y = - 3x + 1 , in Fi 6 ure 6 , pase 11. In charting this 
function we find that (0 , 1 ), (1 , -2) , ( 2 , -5) , and ( - 1 , 4) 
are four of the or ered pairs that satisfy the eq~ation . 
Let us find the chan 0 e in y wit~ res~ect to x, which we have 
called ~' from (-1 , 4) to (1 , - 2) . 
A x = 1 - - 1 = +2 . Hence ..M... = - 6 = 
,6 X +2 
A y = - 2 - 4 = - 6, and 
=f· What does the rate 
= 
of change, in this case -3, tell Jou? It tells you either 
1 
11 
that: (a) as y decreases by 3 emits , x increases by 1 unit; 
or (b) as y increases by 3 units , x decreases by 1 unit . 
'I 
5 
( -1,'f ) 
Y ::= - .3X + I 
Figure 6 
Slope . 
t this point , we will define the chan6e in y with 
respect to x as the slope of the line and denote the slope 
bg the letter m. Thus ~ = m, the slope of the line . 
.C::.. x 
If we examine the gra h of the f ill1ction y = - Jx + 1 
in Figure 6, above , more closely , we shall see that the slope 
of the gra h is -3 . T is function and all other linear func-
tions can be written in the seneral form y = :nx + b , where m 
is the slope of the gra~h of the equation . Let us now compare 
that the braph of the line rises as you move along it from 
12 
left to right. In Figure 6, the line dro s as JOU move frorri. 
left to ribht . In studying these two broups, we see that 
the slope of the braph in Figure 5 is +2 , and the slope of 
the graph in Figure 6 is - 3. Therefore , we can conclude that 
if the slope of a line is positive , the line will rise as we 
move from left to right along the 1 ine; and, if the slope of 
a line is nebative, the li ne will fall as we move from left 
to right along the line . 
EXERCI.333 
State the slope of each line . 
1 . 2x + 5 4. 1 1 y = y = - ~ + 
2 . y = -x + 10 5. x + y = 9 
J . y = 3x 6 . 2x + y = - 3 4 
Let us now consider the 6raph of a line arallel 
to the X-axis . For instance , consider the 6raph of y = 3 
which is shown in ?ic;ure 7, below. y 
s 
Y= 3 
J 
13 
Zero Slope . 
Let us choose points P and Q, Fi6 ure 7, pa6 e 12 , 
whose coordinates are (2, 3) and (5, 3) respectively . n 
finding the slope of the line , L:! y = 3 - 3 = 0 and A x = 
5 2 = 3. Hence A:i A X = m = 0 3 = o. Is an equation such as 
y = 3 (or y = -7 or y = !) an equation of the form y = !llX + b 
where m = O? It is our conclusion that a line parallel to the 
X-axis has a zero slope . 
No Slope. 
Let us examine the case of a line arallel to the 
Y-axis; for instance , the gre~h of x = 2 which is shown in 
?ibure 8, bel ow. Let us Graph the points R and S whose 
coordinates are (2, 3) and (2 , -2) respectively . 
y 
5 
3 R c~ .. 3) 
I 
.-~--X=2-
-.--r--r--r-r-r-+-r--+--.---,r-ir-i~x 
-5 -3 -1 I 3 5 
-, 
Fi ure 8 
14 
In determining the slope of this line , L!> y = S 
and A x= O. Then m =~which is not defined since division 
by zero is not permitted . Thus we can conclude that for 
x = 2 (or x = -3 or x = ~) or for any two points on a line 
parallel to the Y-axis, the differ nee between the ~-coordinates 
will always be zero . That is , we shall always obtain an ex-
pression for the slope that is undefined . Such a line is 
said to have no slope . 
~X-6 CISES 
State the slope of each line . 
1. y = 3 4. x + 7 = 0 
2 . x = 1 s. -y + 4 = 0 
3. y + 2 
-
0 6 . -x 
, 
= 0 
Now let us graph four equations on the same co-
ordinate axes. See Fi6 ure 9, a;e 15. 
Table III: y = 2x Table V: y = 2x + 4 
; I : l : I~~ I x y 
~~~~~---.---.r--+-------~.--...-~----...~~x 
7 
igure 9 
Family of Parallel Lines 
Y-intercept. 
What is the relati(nship between any two of these 
lines? They have e ual slopes and are said to be arallel. 
However, each line crosses the Y-axis at a different point . 
The ordinate of the point where a line crosses the Y-axis 
is called the line's Y-intercept . In order to find the 
Y-intercept we replace x by 0 in each equation and solve for 
y. 
Slope-intercept. 
When a linear equation is in the form y = mx + b 
we have previously learned that m, the coefficient of x , 
is the slope of the line . What does b represent? If we were 
16 
to replace x by 0 in the equation y = rnx + b, we would have: 
y = rnx + b 
y = m•O + b 
y = 0 + b 
y = b 
We can, therefore, conclude that in any equation of the r'orm 
y = rnx + b, m is the slope and b is the Y-intercept of the 
line. We shall call the general equation y = rnx + b the 
slope-intercept form of a linear equation . Refer to the 
exercises on pa;e 12 and determine the Y-intercept of each 
line . 
What is the slope and the Y-intercept of the graph 
of the equation 3x + 3y = 4? By studyin the equation care-
fully, we can see that it is not in the slope-intercept form 
y = rnx + b . Therefore we must solve Jx + 3y = 4 for y. 
Jx + Jy = 4 
Jx + Jy 3x = 4 - 3x 
Jy = -Jx + 4 
2:%. = -Jx + !d: 
3 3 3 
y = - lx + !d: 
3 
Hence the slope is -1 and the Y-intercc..pt is 4. 
3 
EXE CISES 
State the slope and Y- intercept of each line . 
1. 2x + y = 3 2. y - 5x = 7 
3. y = -6x + 1 5. x + 2 - 3 = 0 
4. 2x - 5:1 - 0 6. 4x + 3 = 7 
11 li e in .1.""ic;ure 10, below, assi? ..., throubh the 
:ints (-2, 0) an (0, -3), and as we can see the slope of 
the 1 i ne is - 3. 
2 
The Y-inte c~pt of the line is -3. 
" 
~r---T__,.-\=~,_~--,---.--.-~x 
3 s 
Figure 10 
i at is the e ..l tion of t 1· 1 :is lir.e knowin the slo e i 
17 
and the Y-interce t is - 3? By ud ' ng the slo e - interce~t form 
of a li 1~ar e atio , we can sub~titute -~ form an -3 for 
b and sim lif as is shown below . 
y=mx+b 
y = ~x + - 3 
Y = ~x 3 
18 
E multi lyin0 1oth sides of the eq ation, age 17, by 2, 
we will have an equivalent equation wit i inte~rpl coefficients . 
e . 
2y = -3x - 6 
or 
Jx + 2y = -6 
Let us determine the equation of the line that h s 
1 the qlope 2 snd asses throubn thP point 2, J) . Since 2 , 3 
is a oint on the line , its c ordinates must satisf the 
equat·on of the line, which is shown in FiGur 11, bel w. 
-s 
Figure 11 
y = mx + b 
3 = 1 • 2 + b 2 
3 = 1 + b 
3 1 = 1 - 1 + b 
2 = b 
19 
By substituting in the slope-intercept form we can find the 
' Y-intercept as is shown at the bottom of page 18 . We cannot 
stop at t h is point, since we have not completed our original 
task of determinin~ the equation of the line . Since we know 
the slope is 1 and the Y-intercept is 2, we can use the 
2 
slope-intercept form abain to determine our equation. 
y = rnx + b 
1 
y = ~ + 2 
2y = x + 4 
x - 2y = -4 
Th is method of determining the equation of a line is called 
the point-slope method . We can use the general point-slope 
form y = rnx + b of a line to find a unique linear equation 
any time we know the values of both m and b . 
EXERCIS~S 
Write a linear equation with integral coefficients and the 
given slope and Y-intercept . 
1 . m = 3; b = 4 4. m - -1. 
- 3' b = 2 
2 . m = -2; b = 7 5. 1 b = 0 m = -· 4' 
3. m = o· b = 3 6 . m ::::: -1; b = -1 
' 
Find an equation with integral coefficients of the line 
through the point, having the given slope. (x, y); m. 
1 . (-3, -2); 3 4. (0, 0); 2 3 
2 . (4, l); -2 5. (2, -5); 0 
3. (0, 3); 1 6. (4, 3); 5 2 2 
20 
CONCLUSION 
As the author has expressed throughout this paper 
graphing can be made meaningful to ninth grade students by 
using concrete examples , tables , and figures . By using 
activities similar to those used in this paper , the students 
can discover , for themselves, concepts used in the fundamental 
processes . When a concept is discovered by a student , the 
concept will usually be understood . 
The activities described in this paper for teachin0 
the graphing of linear functions are merely representative 
of many activities that can be used by a resourceful teacher . 
No major effort was made to present the material in a sequen-
tial order; however , much of the graphing presented is depen-
dent upon determining the slope of the line . It is hoped 
that a teacher reading this paper will find it helpful to him 
end could possibly fit it into his teaching program. 
Aiken, 
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